Soil samples (n = 11) were collected in the chernozem areas of the Czech Republic (the Central Europe) from the topsoil and used as representative samples. All sampling areas have been used for agricultural purposes (arable soil) and they were selected as typical representatives of agricultural soil. These samples represented the soil with same genesis (to reduction differencies between soil types) but with different soil properties (physical and chemical). Complete chemical and physical analyses were made for confirmation of copper adsorption on solid phase: we analysed the particle size distribution, content of oxidizable carbon (Cox), the cation exchange capacity (CEC), supply of exchange calcium, magnesium, sodium, phosphorus and potassium, soil reaction and the total supply of Fe, Al, Mn, Ca, Mg, K, P and N. The strongest simple correlation between analysed soil properties and copper concentration had content of available magnesium (r = 0.44) and available phosphorus (r = −0.51). In the case of multiple correlations (i. e. collective influence of multiple soil properties) had the strongest influence combination of clay, soil reaction, total content of phosphorus, available magnesium and available phosphorus. The main influence of phosphorus and magnesium is evident. We suppose that copper and phosphorus enter into specific complex. Influence of these five soil properties can explain 92.7 % (r = 0.927) changes in the content of copper changes in the experiment.
INTRODUCTION
Copper is currently widely used metal in many technical fields (transport, manufacturing, electricity transmission), but also in agriculture (fungicides, herbicides). Wilful use of copper in agricultural is in the inorganic form (Copper (II) sulfate; copper oxychloride, copper (II) hydroxide) or in the organic form (copper salt with naphthenic acid; 8-hydroxyquinoline copper (II) etc.). Despite the fact that copper is necessary microbiogenic element, its toxicity is not negligible. Mammals are relatively resistant to acute toxic effects of copper. This is due to the fact that the organism rapidly displaces free copper to copper-binding proteins, such as transport ceruloplasmin and in overdose on albumin (Pal et al., 2014) . The presence of copper in the body is not without risks and it is expected that poorly efficient copper-binding proteins or excessive uptake of copper may contribute to the development of the diseases, for which no data has clearly demonstrated etiology. In the literature there were discussed cardiovascular illnesses (Pohanka, 2013) , Parkinson (Montes et al., 2014) and Alzheimer (Pohanka, 2013) disease etc. But effect of copper is wider for example strong non-competitive inhibition of acetylcholinesterase (Pohanka, 2014) and affects activity of kinase which controls cell cycle (Brady et al., 2014) . It is thought that copper can initiate deterioration of oncological diseases prognosis via the kinases.
Understanding of copper sorption in the soil is relatively important for reduction of the food chain contamination. Average content in the Earth's crust is relatively low content (it's reported at 70 ppm for klark). Natural contents in the soils are between 2 and 250 ppm, on average 30 ppm (Adriano, 2013) ; Benes (1993) shows the average content for surface horizon in Central Europe 22 ppm. In soil, copper could be found: in the soil solution, adsorbed on exchange sites in the soil, in the oxides, in the crystal lattice of primary and secondary minerals (Selbig et al., 2013) and in soil organic matter and living organisms (Adriano, 2013) . The concentration of copper ions in the soil solution is relatively low, the major part is bound on soil colloids: clay minerals (Al-Qunaibit et al., 2004) , soil organic matter, aluminium and/or iron oxides (Cavallaro and McBride, 1984; Boujelben et al., 2009) , natural zeolites (Erdem et al., 2004) etc. Sorption/desorption of heavy metals in soil therefore depends on the type of soil. Copper has a very high affinity to organic material and the bond between the organic material and copper is much stronger than with other heavy metals (Adriano, 2013) . Therefore, in this type of medium it may lead to accumulation. Bonding mainly happens in phenolic and carboxyl functional groups (Kabata and Penditas, 1984) . The study of Meima et al. (1999) showed the effects of dissolved organic carbon (DOC) on copper leaching from the ash after combustion of municipal solid waste. Compounds had mainly high molecular weight (> 10 kDa). In the absence of DOC copper mobility decreased by 2 to 3 orders of magnitude. From this perspective, carboxyl groups of humic acids play a dominant role (Alloway, 1995) . We expect the high affinity of organic matter to copper is due to the it's high sorption capacity, as well its ability to chelation (Adriano, 2013) . Copper presented in the soil solution is most often bonded to DOC (Frost et al., 2015) . Copper is also specifically adsorbed on oxides of Fe, Al, Mn (Diagboya et al., 2015) . According to Adriano (2013) the affinity of copper additionally decreases in the chain Mn oxides > organic matter > Fe oxides > clay minerals, however some other studies have attributed a main influence to organic colloids or clay minerals (Frost et al., 2015) . Decrease of soil reaction causes desorption of previously adsorbed copper in the soil. Quantity of desorbed copper depends on soil kind and decreasing pH (Ali et al., 2016) . On the adsorption capacity, there is also significant influence of particle size: metals were highly concentrated on the coarse (sand) and fine fraction (clay). Low concentration in the silt fraction has been linked to the presence of light minerals such as silica in a higher concentration than in other fraction (Huang and Jing, 1990) . From this perspective adsorption is one of the most important processes that affect the bioavailability of metals in the soil. This is because it affects the concentration of metal ions and complexes in soil solution. In this work, we have focused our research on the determination of copper affinity on soil samples and the determination of factors having impact on the affinity. The soils chosen for the experiment were collected from typical areas with intensive agriculture and the findings can be easily generalized.
MATERIALS AND METHODS

Soil samples analysis
Selected soils are concentrated in the South Moravia region and their properties can be generalized as typical agricultural soils with higher content and quality of humus. The objects of study included the upper humus horizons (N = 11) of a soil type chernozem. It represents the soil with similar soil genesis and with similar accumulation of soil organic matter in mollic horizon, but on different soil-forming substrates (sand with carbonates, loess, marl) and with different soil properties see Tab. I. Soil samples were prepared for chemical and physical analysis according ISO 11464. The particle size analysis was performed by the pipette method after the pyrophosphate pre-treatment of the samples. We defined (including 4 , retitration with 0.5 M Ammonium iron (II) sulfate); the cation exchange capacity (CEC) and content of exchange calcium, magnesium, sodium, phosphorus and potassium were determined by the Mehlich III method; the pH (KCl and H 2 O) was determined by potentiometry. The total content of iron, aluminium, manganese, calcium, potassium, magnesium and phosphorus were determined by FAAS (Flame atomic absorbtion spectroscopy) method; total nitrogen (Nt) was determined by the Kjeldal method. All soil analysis are shown in Pospisilova et al. (2016) .
Copper assay
In a total 250 mg of soil sample was get into 1 ml of 15.7 mM / l CuCl 2 and let to incubate on horizontal shaker adjusted at 800 RPM for 2 h. After that, the mixtures were centrifuged at 10,000 × g for 10 min and supernatant was collected. Bismuthiol, a compound with proper chemical name 1,3,4-thiadiazole-2,5-dithiol, was used for copper assay. The bismuthiol was purchased from Sigma-Aldrich (St. Louis, Missouri, USA) as a substance in analytical purity (≥ 99 %). Assay based on the bismuthiol was derived from paper of Ahmed et al. (2002) .
The bismuthiol was dissolved in deionized water (prepared through Aqua Osmotic system; Aquaosmotic company, Tisnov, Czech Republic) up to concentration 4.42 mM / l. Following reagents were added in one tube: 60 µl of sample prepared by the aforementioned way, 7.1 ml of 4.42 mM / l bismuthiol, 1.4 ml of 0.01 mM / l H 2 SO 4 , and 1.4 ml of deionized water. The mixture was let to incubate for 30 min and absorbance at 390 nm was measured.
Statistical analysis
Differences between calculated and measured copper content (in multiple correlation) were tested with an analysis of variance (ANOVA) at probability level α = 0.05. The statistical analysis were done using program Excel 2007 and STATISTICA ver. 11 (©StatSoft Inc.; Tulsa USA).
RESULTS AND DISCUSSION
Variation range of particle size analysis:
Content of sand particles were from 10.7 to 82.7 %; content of silt particles were from 16.9 to 82.0 % and content of clay particles were from 0.5 to 23.1 %. Mainly it was silt loam. Average content of the particles (0.1 -2.0 mm) was 14.3 ± 6.7 %; particles (0.05 -0.1 mm) was 9.4 ± 1.1 %; (0.01 -0.05 mm) was 39.1 ± 3.6 %; (0.01 -0.002 mm) was 28.1 ± 2.1 % and particles (< 0.002 mm) was 9.0 ± 2.2 %. Correlation between texture and copper is weak. The strongest, but negative correlation (−0.21) was within fraction 0.01 -0.05 mm (part of silt particles) and the strongest positive correlation was with clay fraction (0.14) see Tab. II. Negative correlation with silt corresponded with results by Huang and Jing (1990) , which did show connection between low concentration of copper in silt fraction and high concentration of light minerals (e.g. silica) in silt. We can agree with results, that the finest particles (clay) are the most responsible for adsorption of copper (Al-Qunaibit et al., 2004) .
Variation range of soil reaction:
Active soil reaction (pH / H 2 O) is from 6.6 to 7.9 (from weakly acidic to weakly alkaline; in average 7.51 ± 0.12), and potencial soil reaction (pH / KCl) is from 5.9 to 7.6 (from weakly acidic to weakly alkaline; in average 6.92 ± 0.16). Individual correlation with copper is very weak. Soil reaction affects the copper adsorption by other soil properties. We supposed that the poor individual correlation is caused by different uptake in the course of increasing or decreasing soil reaction. It is not a simple correlation. The active soil reaction (in the soil solution) affects the copper uptake at the earliest.
Variation range of soil organic mater content and total nitrogen:
Variation range of Cox is from 0.86 % (low content) to 3.57 % (very high content). Variation range of total nitrogen is from 0.06 % to 0.30 %. Variation range of C:N ratio is from 10.2 to 14.5. Average content of Cox was 2.21 ± 0.24 %, nitrogen 0.18 ± 0.02 % and C:N ratio 12.3 ± 0.4. All correlations are negative and relative weak: for Cox r = −0.14, and r = −0.21 for total nitrogen. But correlation between C:N ratio and copper content is positive and high (r = 0.35). The high correlation between Cox and copper was not confirmed, but if we did fractionation of organic matter, we would find some correlation (for example in fraction dissolved organic matter or in humic acids).
Variation range of CEC:
Variation range of cation exchange capacity is from 106 mM/kg (low CEC), to 406 mM / kg (very high CEC). Average CEC was 289 ± 22.6 mM / kg. Variation range of CEC saturation is relatively limited: from 99.1 to 99.8 %. Correlations with copper are high: r = −0.30 pro CEC and r = −0.20 for CEC saturation.
Variation range of elements:
A lot of papers (Alloway and Jacson, 1991; Gongmin et al., 1991; Boujelben et al., 2009) showed relation between copper adsorption and total content of some elements (Fe, Al, Mn). The highest level of negative correlation was with content of available phosphorus (r = −0.51), the highest positive correlation was with content of available magnesium (r = 0.44).
The key position of phosphorus and magnesium is evident from the showed results. We suppose that copper and phosphorus enter into complex, where does not participate magnesium (positive and negative correlation). Example of phosphorus and copper compound could be Cu 3 (PO 4 ) 2 i.e. copper phosphate and Mg 3 (PO 4 ) 2 magnesium phosphate (in the case of phosphorus and magnesium compound). In this compound, magnesium would block phosphorus which could react with copper. Solubility equilibrium (K sp ) corresponds for example with this assumption: K s (Cu 3 (PO 4 ) 2 ) is 1.4 × 10 −37 mol / l and K s (Mg 3 (PO 4 ) 2 ) is 1 × 10 −25 mol / l. The higher the solubility constant means that the compound is better soluble.
Multiple correlation:
In the case of multiple correlations the strongest correlation were founded with clay content, soil reaction with water, content of available magnesium and phosphorus and total content of phosphorus. We can explain by these properties approximately 92.7 % of changes in the copper content in the samples (see Fig. 1 ). Equation (1) 
CONCLUSION
In this paper, we identified key parameters of soils responsible for their ability to bind free copper. Phosphorus and magnesium content appears to be crucial factor but clay is also a factor. While magnesium containing soils are more suitable for retence of copper, phosphorus content causes lower affinity toward the soil. The fact should be taken into consideration when agricultural preparations like fungicides are applied. The findings can be generalized to other similar types of soils.
